The role of the single PM components in inducing the catalytic generation of reactive oxygen species (ROS), has not yet been clarified. Different a-cellular assay are currently used in the literature for the determination of the PM oxidative potential (OP), which is considered as a predictive index of its capacity to generate ROS in biological organisms. In order to better understand the existing correlations between PO and PM generated by specific emission sources, the water soluble and insoluble fractions of seven dust coming from specific sources were chemically characterised and analysed by three PO assays: the dithiothreitol (DTT, the acid ascorbic (AA) and the 2′,7′-dichlorofluorescin (DCFH) assays. PO and chemical data were elaborated by principal constituent analysis. The three methods responded in a very different way to each dust; they are then no-interchangeable and probably none of them is able to correctly predict the ROS generation in biological organisms. DTT was particularly sensitive to organic compounds, while AA was mostly influenced by inorganic components. DCFH results are more difficult to interpret and need to be further deepened. Furthermore, the results confirmed the important role played by the insoluble components of dusts in generating oxidative processes.
Introduction
Numerous epidemiological studies have established a consistent associations between particulate matter (PM) concentrations and increased morbidity and mortality due to respiratory and cardiovascular diseases [1] [2] [3] . Furthermore, various experimental studies provide a plausible correlation between the PM oxidative capacity and its toxicity [3] [4] [5] [6] [7] [8] [9] . Several toxicological studies documented the ability of the inhaled PM to cause oxidative stress, including PM's ability to induce pro-inflammatory effects in nose, lung and cardiovascular system [4, 10, 11] . Oxidative stress occurs when there is an imbalance between the level of reactive oxygen species (ROS) or free radicals and the natural antioxidant defence of the biological system. ROSs include families of free radicals, ions and molecules centred on oxygen or related. The free radical family includes peroxide radicals of hydroxyl, hydroperoxide and organic peroxide. Ions such as superoxides, hypochlorites and peroxynitrione, and molecules such as hydrogen peroxide, organic and inorganic peroxides, are enclosed in the circle of Reactive Oxygen Species. Usually ROS formation in cells occurs through the reduction of oxygen from biological reducing agents such as NADH and NADPH. Electron transfer enzymes and active redox chemical species such as redox active chemicals and organic metals [10, 12] assist these processes. It is now commonly thought that ROS can damage lipids, proteins and membrane DNA, can cause cell death by necrotic or apoptotic processes. High levels of oxidative stress cause a change in the redox status of the cells.
However, all this studies don't allow a complete understanding of the relationship between the toxicological mechanisms and the physic-chemical properties of PM. One of the main difficulty in the identification of these relationships regards the complexity of the matrix in question. In fact, the particulate matter consists of a complex heterogeneous mixture of solid and liquid particles varying in size and chemical composition, emitted by several different sources. Therefore, the identification of the toxic components of PM and their attribution to a specific emission sources is a challenging task of the environmental chemistry.
In the literature, several methods are used to measure the so-called aerosol oxidative potential (PO). The objective of these a-cellular assays is to provide a proxy of the oxidative capability of PM samples.
We selected three of the most common methods typically used in this field: the dithiothreitol (DTT), the ascorbic acid (AA) and the 2′,7′-dichlorofluorescin (DCFH) assays.
The DDT and the AA assays consist in the controlled incubation of the anti-oxidant (DTT or AA) in an aqueous extracts of PM under controlled conditions (T = 37 °C and pH 7.4) [13, 14] and in the measurement of its depletion over time, by following the decrease of absorbance at the wavelengths of 412 and 265 nm, respectively. The antioxidant loss rate represents the ability of the aerosol redoxactive species to transfer electrons from DTT or AA to oxygen (O2).
The DTT is considered a chemical surrogate of cellular reductants, such as NADH or NADPH, which reduces O2 to superoxide anion (O − 2) and induces oxidative stress [15] .
At the opposite, the ascorbic acid is a physiological antioxidant that prevent the oxidation of lipids and proteins [16] .
On the contrary, the 2′,7′-dichlorofluorescin (DCFH) assay is a direct detection method performed by a fluorescence technique using a specific florigenic probe. In this assay, the nonfluorescent DCFH is oxidized to the fluorescent dichlorofluorescein (DCF) by ROS in the presence of horseradish peroxidase (HRP). The formed DCF can be easily measured by fluorescence at the excitation and emission wavelengths of 485 and 530 nm [17] [18] [19] . The ROS concentration may be then calculated in terms of H2O2 equivalent. This assay was widely applied also for the ROS determination in biological cells [20] [21] [22] [23] .
Although these metods are frequently applied to the study of PM biological effects, there is still a gap of knowledge about the relationship that links PM chemical composition and the oxidative potential results obtained this assays [24] .
In this work, we use these selected methods for the determination of the PO of seven types of dusts coming from different emission sources and characterized by a very different chemical composition, with the aim of better investigating the role of the singles components of PM in generating PO.
The chosen dusts, already used in a precedent work for the evaluation of the in vivo genotoxic effects and oxidative stress on specimens of Echinogammarus veneris, represent specific PM sources [25] . Besides the certificate material NIST1648 (urban dust; UD), we considered some of the major PM components. Soil (S) is the major natural component of PM, while road dust (RD) is a complex mixture of natural soil particles and dust formed by the mechanical abrasion of vehicles components (brakes, tyres) and road surface (asphalt) deposited on the road. Its contribute to PM is mainly due to the re-suspention caused by vehicular traffic and is particularly relevant in urban areas [26, 27] . Brake dust (BD), produced by brake pads lining, is the part of RD containing the highest concentration of heavy metals and other toxic elements [28, 29] . Saharan dust (SD) constitutes a major contribute to PM in the Mediterranean area during long-range transport from North Africa [26, 27] . These events are usually responsible of high PM10 concentration and recently re-considered as potentially harmful to human health [30] . Pellet ash (PA) is a component whose contribute to PM is increasing in the last years because of the increased diffusion of pellet stoves for domestic heating. Several studies recognized the damage caused by this emission source that containing toxicants as polycyclic aromatic hydrocarbons and toxic elements [31] . Finally, coke (C) contains very high concentrations of organic species, which have been considered as responsible for genotoxic and oxidative stress effects [32, 33] .
We also decided to deepen the relationship between the solubility of the chemicals species and the PO. In fact, precedent studies showed the ability of the species present in the insoluble part of the dust to generate oxidative stress [25] .
In most literature studies, the PO analysis are performed only on the soluble fraction of samples. A few recent studies, however, evidence that the role of the insoluble fraction of PM in generating oxidative stress is not negligible [25, 34, 35] .
Experiments

Dust Collection
All the dusts were collected in different and specific areas. Soil dust (S) was sampled in rural areas around the city of Rome, within a perimeter of 50 km; road dust (RD) was obtained by collecting the dust deposited on the road surface at several traffic sites in the centre of Rome (Central Italy); brake dust (BD) was collected from the brake linings of three different cars; Saharan dust (SD) was collected in Algeria, in the north of the Sahara desert. The ash produced by pellet burning (PA) was collected inside the hood of a domestic pellet stove. Coke (C) was collected near a refinery plant, on the ground in the proximity of a coal park. All dusts were homogenized and sieved at 50 micron (Giuliani, Torino, Italy) before use. In addition to the above dust samples, certificate material NIST1648a was used as urban dust (UD) sample. All the samples were homogenized and sieved at 50 micron. More details about the collection of these dust samples are given in [29, 36] .
Chemical Characterization of Dusts
A complete chemical characterization (macro-and micro-elements, EC/OC, inorganic ions) of all the considered dusts had already been reported in [25] . In this precedent work we analysed all dusts by ion chromatography (ICS1000; Dionex Co., Sunnyvale, CA, USA) for the quantification of Na + , Mg 2+ , Ca 2+ , NH4 + , Cl − , NO2 − , NO3 − and SO4 2− and by inductively coupled plasma-mass spectroscopy (ICP-MS; Bruker 820, Bremen, Germany) for the determination of As, B, Cd, Ce, Co, Cs, Cu, La, Mn, Mo, Ni, Pb, Rb, Sb, Se, Sn, Sr, Tl, V, Zn and Zr in their soluble and insoluble fractions. We also used thermo-optical analyser (ECOC analyser, Sunset Laboratory, OR, USA) for the determination of the total organic and elemental carbon. In this work, the chemical characterization of dusts was completed by the determination of the water-soluble organic carbon (WSOC) that was analysed by TOC-VCSH (Shimadzu) by using the NPOC (non-purgeable organic carbon) procedure. Before the instrumental analysis of WSOC, samples were extracted in 20 mL of Milli-Q water and subjected to ultrasounds for 30 min. Solutions were then filtrated through a nitrocellulose filter (Millipore membrane, pore size 0.45 μm) and 100 μL of chloride acid (10M) were added.
Results of the chemical characterization of the selected dusts are reported in Tables 1 (soluble  species) and 2 (insoluble species).
Extraction Procedure
50 mg of all the dusts were weighted (Analytical Balance Gibertini Elettronica E505, 0.01 mg sensitivity) and then solubilized in 50 mL of water. Subsequently the solutions were sonicated (FALC ULTRASONIC UTA) and then centrifuged (30 min at 10,000 rpm and 25 °C; ALC MILTISPEED REFRIGERATED CENTRIFUGEPK131R) in order to obtain the soluble and the insoluble fractions. The soluble part was filtered through nitrocellulose filter (MF membrane, pore size 0.45 μm) and immediately analysed for their oxidative potential in the soluble fraction. The insoluble part was resuspended in 50 mL of water; the suspension was again analyzed for OP (residual fraction) with the same procedures used for the soluble fraction and filtered just prior to the instrumental analysis. In the same condition we are analysed the background too. For each sample, six replicates were performed.
Oxidative Potential Assays
DTT Procedure
Five 0.7 mL aliquots of the PM sample (soluble or residua fractions) were added of 0.2 mL of phosphate buffer (1 M) and of 0.1 mL of DTT 1 mM and incubated in a thermostatic bath (HAAKE DC3 Fisons) at 37 °C. At regular intervals (at times: 0, 5′, 10′, 15′, 20′), 1 mL of TCA 10% was successively added to one of the aliquots to stop the reaction. 1 mL of each solution was then mixed with 2 mL of Tris-buffer (0.08 M with 4 mM EDTA) and 50 μL of DTNB (5,50-dithiobis-(2-nitrobenzoic acid), 0.2 mM) After 5 min, the absorbance of the solutions was read at 412 nm by UV-Vis spectrophotometry (UV-Vis; Varian Cary 50 UV-VIS Spectrometer). According to ref [14] OP was calculated as DTT consumption rate per unit of air volume (nmolmin −1 ·m −3 ), or per unit of PM mass (nmolmin −1 ·μg −1 ). Final DTT activity is calculated as follows (1) 
DCFH Procedure
The DCFH-DA solution were prepared by dissolving 4.873 mg of reagent in 5 mL of CH3CH2OH in the dark. Then, 20 mL NaOH 0.01 M were added to favour the de-acetalization reaction; the solution was then kept in the dark at room temperature for 30 min before use.
The HRP solution (0.5 units/mL) was prepared by dissolving proper weighted amount of the commercial product (Type VI, essentially salt-free, lyophilized powder, ≥250 units/mg solid) in 1 L of 25 mM phosphate buffer at pH 7.4 and incubated at 37 °C for 15 min. Aliquots of 5 mL of the buffered HRP solution were added to 1.5 mL of sample (soluble or residual fraction), and 125 μL of 5 μM DCFH and the solution was kept at 37 °C for 15 min. The intensity of the fluorescence radiation at 530 nm was then measured by (Jasco FP-920 Fluorescence detector). The excitation wavelength was 427 nm. The calibration curve was obtained daily by standard H2O2 solutions (5 × 10 −6 , 1 × 10 −7 , 2 × 10 −7 , 5 × 10 −7 , 1 × 10 −6 M) and the fluorescence intensity obtained with the samples was converted into equivalent H2O2 concentrations [37] .
2.4.3. AA Procedure 2.4 mL of sample (soluble or residual fraction) were added to 0. 3mL of phosphate buffer 0.5 mM (pH 7.4) and 100 μL of ascorbic acid (2 mM AA). The absorbance of the sample, thermostated at 37 °C, was then followed for 20 min by UV-Vis spectroscopy at 265 nm. According to [14] , OP was calculated AA consumption rate per unit of air volume (nmolmin-1 m-3), or per unit of PM mass (nmolmin-1 μg-1). Final AA activity is calculated as follows (2) * The values report in the Table 2 present a relative standard deviation <10% for all the elements analysed. Tables 1 and 2 report the concentrations of the analyzed chemical species in the soluble and insoluble fraction of the selected dusts respectively. Each dust has a different and specific chemical composition: the inorganic fraction are prevalent in all the samples and, in particular, Al, Cu, and Si are abundant in urban dust, road dust, Saharan dust, and soil, while Fe and EC are the main constituents of brake and coke dust, respectively; In addition, soluble inorganic ions represent an important fraction in NIST, soil dust and pellet. For the organic fraction, OC is predominant in coke, urban dust and lesser extent in road dust, brake dust, soil and pellets and is negligible in the Sahara. WSOC present its maximum concentrations in NIST and pellets dusts. It is important to underline that the organic carbon (OC) is a major component of aerosol and it can represent from 10 to 70% of the total mass of fine aerosol: understanding the sources of organic carbon (OC) has become an important focus for investigators. The water-soluble fraction of organic carbon (WSOC) is usually responsible for a large part (20-70%) of OC. WSOC is generally composed of a mixture of highmolecular-weight carboxylic, keto/carbonyl, amino/imino, and nitro multifunctional organic compounds, and is frequently referred to as humic-like substances (HULIS) as well as smaller organic molecules, such as anhydrides, sugars and keto-and α,ω-dicarboxylic acids (Graham et al. In addition, ICP-MS analysis show that urban dust, brake dust and pellets contain the highest amount of heavy metals. Pb and Mn concentrations are particularly high in both the brake and pellet dusts, while Cu, Sb and Sn in the brake dust only. Lower concentrations of trace elements are found in road dust, coke and soil (overall 0.3%, 0.1% and 0.1%, respectively). However, the lowest concentrations of trace elements are found in the Saharan dust (0.04%). Finally, the coke showed the highest concentrations of Ni and V, while the soil dust is particularly rich in As.
Results
It is worth noting that the same element can be found as solvated ion or as suspended solid, depending on the solubility of the chemical species that contain it. The results show that most of the elements are present mainly as insoluble species. However, a very significant variation of the solubility distribution among the considered dusts is observed for some elements. For example, As is present mainly as soluble species in UD and as insoluble species in S, while Rb is almost completely soluble in PA and insoluble in RD. In general, according to the results of some previous environmental studies, the elemental solubility tends to be higher when the dust is generated by combustive processes, as PA and, at least in part, UD [27, 38] .
How the Figure 1 shows, the three methods give different results for each types of dusts. In agreement to previous studies [24] this result confirms that the chemical composition plays the most important role in the determination of the oxidative processes induced by PM. The DCFH assay showed to be the less selective method and lead to relevant PO values for all the considered dusts. Road dust, which is rich in both inorganic and organic soluble components, produced the highest PO values. In the case of the DTT assay, we observed high PO values for NIST and ash pellet and, to a lower extend, for brake dust and coke. Very low PO values were instead obtained for the natural PM components (soil and Saharan dust) and for road dust. The AA assay showed, for the soluble fraction, a behaviour quite similar to the DDT assay, even though the relative PO values are different; the ash pellet produced the highest PO values, followed by brake dust, coke and NIST. In Figure 2 , the PO values obtained for the insoluble fraction of PM are reported. It can be note, that the three PO assays considered have a contribution comparable for the insoluble species, or even higher, to the one related to the soluble species. This result is in agreement with a recent in vivo study showing that the insoluble fraction of elements, contained in the same seven dusts considered in the present study, was the main responsible for the oxidative stress induced in Echinogammarus veneris speciments [25] . It can also be note that, also in this case, the PO values obtained with the three methods are significantly different.
The result obtained by the DCFH assay presented very high PO values for the ash pellet (almost double than that measured in the soluble fraction), while the values measured for coke, soil dust and road dust were similar to those obtained in the soluble fraction. PO related to Saharan dust was, also for the insoluble fraction, very low.
In addition, PO deriving from the application of the DTT assay to ash pellet are very high, suggesting that emissions due to domestic biomass burning are potentially harmful for human health and environment. Even though the relative sensitivity was different respect to the DCHF results, relevant PO were, also in this case, measured for NIST, brake dust, coke, road dust and soil dust, while negligible values were measured for Saharan dust.
Ascorbic acid method, also for the insoluble fraction, showed a very different behaviour, being particularly sensitive toward the insoluble fraction of brake dust and, to a lesser extent, of pellet ash and coke. 
Results of Principal Component Analysis
In order to confirm the relationships between the results of the three PO assays and the chemicals characteristic of each dust, we studied the interrelations among the whole set of variables by Principal component Analysis (PCA). Also in this study, we decided to examine separately the data relative to the soluble fraction of the dust and those related the insoluble fraction. The values were obtained with column and row auto-scaling and column mean centering.
The plots relative to the soluble fraction reported in Figure 3 show the first two principal components, which are able to explain the 70% of the total variance and covariance explored. The loading plot (panel (a) in Figure 3 ) shows that there are three different clusters of variables, characterized by the presences of one of the PO assay each. This separation further confirms that the three methods have a selective affinity towards different chemical compounds and that they are noninterchangeable each other. In the acid ascorbic assay cluster, the most discriminating variables are Mn, Sr, Rb, Se and Ca (away from the centre). The DTT assay is influences by several parameters, none of which seems to be particularly significant. The most important variables (near to DTT and away from the centre) are Mn, Ni, Cl − , SO4 2− , Cd and WSOC. These variables allow for hypothesizing an influence due to combustive and secondary sources.
The DCFH assay seems to be more linked to crustal compound (typically characterized by element as Ti, Al etc.), even though the cluster is nearer to the center of the plot and does not allow a good discrimination of the variables. A completely different behaviour was observed when the dataset relative to the insoluble fraction of dusts was examined. As shown in the loading plot (panel (a) of Figure 4 ), there are no specific clusters that correlate the three methods with specific chemical species. It can also be note that in this case the first two principal components are capable to explain only the 50% of the total explored variance and covariance. The correlations in this case are then much lower and difficult to interpret, probably because there are many hydrophobic species in these samples that had not been analysed in this work.
The presence of a great number of components that affect the total variability makes the study of the residual part very interesting. All this problematic motivates us to pursue the study by analysing more insoluble chemical species, which could provide new elements of correlation and more information about the mechanism followed by the three methods.
Conclusions
The oxidative potential of the selected dusts obtained by the three assays indicated that most of the PM components are potentially able to induce oxidative stress in living organisms. However, as different mechanisms are involved in generating ROS, none of the assays, applied singly, is able to successfully predict the capacity of PM of causing oxidative stress.
The DTT assay showed high sensitivity towards ash pellet and road dust and seemed to be influenced mainly by the organic compounds of the PM, including water-soluble organic carbon (WSOC), also in agreement to previous studies [13, 14] . Organic compounds contain in fact species capable of catalysing the ROS generation by reactions that lead to the formation of superoxide radicals, which are probably responsible for the generation of oxidative potential. On the other way, the ascorbic acid assay is more sensitive to dusts rich of metals and metalloids, such as brake dusts and ash pellet. The DCFH assay showed a certain affinity to organic species, but seemed to be less selective then the other assays.
The second important result of this work is the confirmation of the relevant contribute of the insoluble fraction of dusts to their oxidative potential, independently from the assay applied. This is probably due to the presences of unknown organic species that need to be further investigated.
Future studies should be also focused to a deeper understanding of the relationship between the a-cellular OP assay and the in vivo biological effects.
